Abstract. This paper mainly describes the using self-designed ultrasonic vibration assisted internal grinding (UAIG) spindle on SiC ceramic materials for the experimental research on grinding force, and the different parameters of ultrasonic assisted grinding force were measured and analyzed. Meanwhile, the general grinding force and ultrasonic vibration assisted grinding force are compared. The results show that the UAIG can significantly reduce the grinding force, at the same time increase the power of ultrasonic generator helps to further reduce the grinding force.
Introduction
SiC ceramic material with high strength, high hardness, high corrosion resistance, high temperature resistance, etc., is widely used in mechanical, chemical and other fields, however, its material itself has high brittleness, machining difficulty, low reliability also makes the preparation and processing of SiC ceramic material with high cost and low machining efficiency. Therefore, exploring how to more rapid, efficient processing SiC ceramic material becomes very meaningful. At this stage ultrasonic assisted processing has been widely used in turning, milling, and grinding, with the tiny vibration of workpiece in a certain direction, trace cutting can be done in a very short period of time, so the processing surface residual stress and surface damage are smaller. According to the characteristics of SiC ceramic materials difficult to processing, the UAIG is a very effective method.
Experimental Setup
This experiment uses the self-designed UAIG spindle. The feed system is composed of a precision translation platform and a precision lifting platform, and the grinding force is measured by a Kistler9257B dynamometer. By changing the grinding parameters, the change of UAIG force under different parameters is obtained, and the comparison of common grinding and UAIG is made.
The UAIG system mainly consists of ultrasonic generator, transducer, amplitude transformer, grinding wheel as shown in Fig.2 . The resonance frequency of the grinding spindle which is measured by an impedance analyzer is 24.3 KHz. The ultrasonic grinding wheel is dressed by common SiC grinding wheels.
The material of the test piece is SiC ceramics. Test use the translation platform to achieve tangential feed movement and use the lifting platform to realize the grinding depth adjustment. Test conditions are shown in Table 1 . 
Results and Discussions The Influence of Ultrasonic Generator Power on the Grinding Force
Set workpiece feed speed to 20 mm/s, grinding depth is 0.04 mm, changes the output power of the ultrasonic generator, respectively, for the maximum power 20%,40%,60%,80%, and the grinding force measurement result is shown in figure 3 . The results show that with the increase of the output power of ultrasonic generator, the tangential and normal grinding force will be reduced. Analysis of the reason is that when the ordinary grinding adds ultrasonic vibration, each particle in the grinding zone path increases, but the overall amount of grinding has not changed, according to that the average chip section area is equal to the cutting area of a single abrasive particle than the single abrasive cutting path, we could find that the average chip ultrasonic assisted grinding section area is smaller, it will also get more thin chip, then by the average chip section area theory that the grinding force is proportional to the average chip area, Within a certain range, increase ultrasonic amplitude can make the grinding path increases further, moreover it also can reduce the grinding force. After increasing the grinding depth it can be found that ultrasonic assisted grinding force is of about 65% to 90% normal grinding force. Focus on grinding force ratio (Fn/Ft), changes can be found when the grinding depth is 0.04mm, common grinding force ratio is 5.3027, 40% of the UAIG force ratio is 4.8672, and 80% of the UAIG force ratio is 4.7658. With the increase of ultrasonic power, the grinding force ratio decreases gradually, which indicates that the ultrasonic can be helpful to make the grinding wheel cut into the surface, then it increases the grinding ability of SiC ceramics, and effectively reduces the abrasion of the grinding wheel. 
The Influence of Cutting Depth on the Grinding Force
In order to study ultrasound assisted grinding depth on grinding force in the conditi on of different ultrasonic generator power, set the ultrasonic generator power to 20%, 40%, 60%, 80%, respectively, then change the grinding depth 0.02mm, 0.04mm, 0.06 mm, 0.08mm, the data into Matlab to do analysis is shown as Fig. 4 . As can be seen from Fig. 4 , when the grinding depth is below 0.06mm, the effect of force reduction is more obvious, when the grinding depth is greater than 0.08mm, the ultrasonic assisted function on grinding force decreases. The reason is that with the increase of grinding depth, more brittle failure occurs, leading to the decrease of ultrasonic effect. So in the ultrasonic assisted grinding SiC ceramics, excessive grinding depth should be avoided. 
The Influence of Feed Speed on the Grinding Force
Set the workpiece feed speed to 10mm/s, 15mm/s, 20mm/s, grinding depth is 0.04mm, ultrasonic power is 0, 40%, 80%, the results are shown in Fig.5 . It can be seen from the figure that, under the condition of the feed speed is 20mm/s, the increase of ultrasonic power will make the effect more clear. 
Summary
In this study, the grinding force is compared among different ultrasonic generator power. Meanwhile a method for measuring the internal grinding force is proposed. Furthermore, the relation between grinding force and grinding depth has been found.
From the results of the experiments, the following conclusions can be obtained:
1)The ultrasonic vibration assisted grinding force is of about 65%-90% normal grinding force.
2)Increase the output power of the ultrasonic generator makes the ultrasonic amplitude increase, and then it decreases grinding force. Finally, the grinding force ratio is reduced.
3)In the condition of ultrasonic assisted grinding SiC ceramics, when the grinding depth is greater than 0.06 mm, ultrasonic assisted function decreases.
